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LIPID PROFILE MODULATION 

Field of the Invention 

5 The present invention relates to a method for modulating the lipid profile of an individual 
to obtain an atheroprotective effect. In particular, the invention relates to the modulation 
of llp-Hydroxysteroid Dehydrogenase Type 1 (llp-HSD-1) levels for the promotion of 
atheroprotective lipid profiles. 

10 Introduction 

The metabolic syndrome is emerging as one of the major medical and public health 
problems both in the United States and worldwide. It is characterised by hypertension, 
hypertriglyceridaemia, and hyperglycaemia, is exacerbated by obesity, and constitutes a 
1 5 risk factor for coronary heart disease. 

Coronary heart disease is a condition that manifests as either heart attack (myocardial 
infarction), heart failure or chest pain (angina pectoris). It is caused by a narrowing and 
hardening of the coronary arteries (atherosclerosis). One of the primary features of 

20 atherosclerosis is the accumulation of cholesterol within the walls of the coronary arteries. 
Risk factors for coronary heart disease are the underlying causes of atherosclerosis. There 
are three major causes of coronary atherosclerosis: elevated LDL cholesterol, cigarette 
smoking, and the metabolic syndrome. Among these LDL cholesterol is the primary 
cause of atherosclerosis. When the blood level of LDL is increased, atherosclerosis is 

25 initiated and sustained. Cigarette smoking and the metabolic syndrome nevertheless 
constitute significant risk factors. 

The metabolic syndrome is composed of individual risk factors that in aggregate greatly 
raise the risk for coronary heart disease. The metabolic risk factors that make up this 
30 syndrome are high triglycerides, small LDL particles, low HDL cholesterol, high blood 
pressure, high blood glucose, a tendency for blood clotting (thrombosis), and chronic 
inflammation. Taken in aggregate, these risk factors accelerate the development of 
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atherosclerosis when they occur in the presence of elevated LDL cholesterol. When LDL- 
cholesterol levels are very low, the risk factors of the metabolic syndrome may have less 
effect on atherogenesis; but once LDL levels rise, these other risk factorsare believed to 
become increasingly atherogenic. 

5 

Many patients with metabolic syndrome moreover develop type 2 diabetes (adult-onset 
diabetes). Type 2 diabetes is characterized by a fasting plasma glucose level of 7.0 
mmol/1 or higher. Most persons with type 2 diabetes have two metabolic abnormalities 
that raise the blood glucose to the diabetes range. The first abnormality is insulin 
1 0 resistance; the other is a deficiency in production of insulin by the pancreas. 

Type 2 diabetes typically develops when insulin resistance is combined with a mild-to- 
moderate defect in the secretion of insulin. Insulin resistance thus is a disorder in the 
metabolism of tissues that interferes with the normal action of insulin to promote glucose 

1 5 uptake and utilisation. It usually precedes the development of type 2 diabetes by many 
years. There is a close connection between insulin resistance and the risk factors of the 
metabolic syndrome. The nature of this connection is not fully understood. One factor 
appears to be an overloading of tissues with fats (lipids). Patients with insulin resistance 
usually have a high level of free fatty acids, which are released from fat tissue (adipose 

20 tissue). When excess fatty acids enter muscle, lipid overload occurs, and this induces 
insulin resistance. Other factors may contribute to insulin resistance, but tissue overload 
of lipids appears to be a major factor. This overload in various ways seems to engender 
the coronary risk factors of the metabolic syndrome. 

25 An elevated blood LDL cholesterol level generally is not considered to be an integral 
component of the metabolic syndrome. Nevertheless, it is a major independent risk factor 
that must be present before the other components of the metabolic syndrome can come 
into play as atherogenic factors. In populations around the world in which the various 
components of the metabolic syndrome are present, atherosclerotic coronary heart disease 

30 is relatively rare when blood LDL levels are very low. In population studies, only when 
LDL levels begin to rise does the incidence of coronary heart disease begin to increase. 
Moreover, interventions which lower LDL cholesterol, including administration of 
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HMGCoA reductase inhibitors or fibrates, reduce the prevalence of coronary heart 
disease. The link between blood LDL levels and insulin resistance has not been 
extensively studied. Clearly many factors other than insulin resistance contribute to 
elevated LDL. However, when there is fat overload in the liver, the production of 
5 lipoproteins by the liver appears to be increased; this overproduction of lipoproteins 
containing apolipoprotein B will lead to some rise in LDL levels. For example, obese 
persons have higher LDL-cholesterol levels than do lean persons. Thus it is not possible 
to remove elevated LDL entirely from the metabolic syndrome. 

10 Other abnormalities in blood lipids are more characteristic of the metabolic syndrome. 
There typically are three abnormalities that group together, hence their name, the lipid 
triad. These include raised triglycerides, small LDL particles, and low HDL cholesterol 
levels. The lipid triad also has been called the atherogenic lipoprotein phenotype or 
atherogenic dyslipidemia. Each component of atherogenic dyslipidemia appears to 

15 independently promote atherosclerosis. Raised triglycerides indicate the presence of 
remnant lipoproteins, which seemingly are as atherogenic as LDL. Small LDL slip into 
the arterial wall more readily than normal-sized triglycerides, and thus have enhanced 
atherogenicity. 

20 Low HDL probably promotes atherosclerosis in several ways. One notable example is the 
ability of HDL to remove excess cholesterol from the arterial wall (reverse cholesterol 
transport); when HDL is low, reverse cholesterol transport is retarded. 

A fourth abnormality often accompanies the lipid triad. This is an elevation of 
25 apolipoprotein B (apo B). Apo B is the major lipoprotein of LDL and triglyceride-rich 
lipoproteins. Some investigators believe that the total apo BL level is the single best 
indicator for the presence of atherogenic dyslipidemia. Certainly, when total apo B levels 
are high, a person is at increased risk for coronary heart disease. Patients with insulin 
resistance often have atherogenic dyslipidemia. When the liver is overloaded with fat, 
30 there is an overproduction of apo-B containing lipoproteins. This leads to raised 
triglycerides, increased remnants lipoproteins, increased total apo B, and small LDL. All 
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of these represent a < compensatory response by the liver in its attempt to cope with and 
remove excess fat. 

In addition, an important liver enzyme, hepatic lipase, also is increased in the presence of 
5 insulin resistance. This enzyme degrades HDL and contributes to the low HDL associated 
with insulin resistance. 

The glucocorticoid hormones (Cortisol, corticosterone) produced by the adrenal gland also 
have the potential to cause insulin resistance. This action is observed most dramatically 
10 in patients who have Cushing's syndromes, such as Cushing's disease, which are due to 
overproduction of corticosteroids. Patients with Cushing's syndromes manifest insulin 
resistance, and many develop type 2 diabetes. Moreover, patients who receive natural or 
synthetic glucocorticoids in treatment of disease also show insulin resistance. 

15 Recently a novel and important level of control of glucocorticoid action has become 
apparent, pre-receptor metabolism by 1 lB-hydroxysteroid dehydrogenases (1 lB-HSDs). 
HB-HSDs catalyse the interconversion of active physiological 11 -hydroxy 
glucocorticoids (Cortisol in most mammals, corticosterone in rats and mice) and their inert 
11-keto forms (cortisone, 1 1 -dehydrocorticosterone). There are two isozymes of 1113- 

20 HSD, the products of distinct genes (5, 6). 116-HSD type 2 is a high affinity 
dehydrogenase that rapidly inactivates corticosterone in kidney and colon, thus excluding 
glucocorticoids from otherwise non-selective mineralocorticoid receptors in vivo (7, 8). 
However, white adipose tissue solely expresses 11B-HSD type 1 (9), as does the liver 
where the enzyme is particularly abundant (10, 1 1). 

25 

11B-HSD-1 is a predominant reductase in most intact cells, including hepatocytes (12), 
adipocytes (13), neurons (14), and in the isolated liver ex vivo (15). This reaction direction 
regenerates active glucocorticoids within cells from free circulating inert 11-ketosteroids. 
Mice homozygous for targeted disruption of the 11BHSD-1 gene are viable, fertile and 
30 have normal longevity (16). However, 11BHSD-1 null mice cannot regenerate 
corticosterone from inert 1 1 -dehydrocorticosterone, indicating this isozyme is the unique 
HB-reductase. Strikingly, the null animals exhibit attenuated gluconeogenic responses 
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upon stress and resist the hyperglycaemia induced by chronic high fat feeding (16). This 
occurs despite modestly elevated plasma levels of corticosterone. The results suggest that 
1 1GHSD-1 -reductase activity is an important amplifier of intrahepatic glucocorticoid 
action in vivo. Intriguingly, tissue-specific alterations in llpHSD-1 activity have been 
5 implicated in the development of obesity and insulin resistance in obese Zucker rats (4) 
and in humans (2; Rask et al J Clin Endocrinol Metab 2001 86 1418-21 ). 

In the Metabolic Syndrome, dyslipidaemia is characterised by hypertriglyceridaemia and 
an aberrant lipoprotein and cholesterol profile with elevated VLDL 1 , but reduced 

10 'cardioprotective' HDL cholesterol (17). The plasma lipid profile is largely determined by 
gene expression in the liver. Furthermore, expression and activity of many liver proteins 
involved in lipid metabolism, synthesis, packaging and export are glucocorticoid- 
sensitive. However, the precise role of glucocorticoids in the pathogenesis of hepatic lipid 
metabolism is unclear, with overall effects apparently dependent upon steroid 

15 concentrations, the levels of other hormones, particularly insulin, and on diet. Indeed, 
many studies have used short-term treatments and/or non-physiological levels of 
glucocorticoids, making any extrapolations of the subtle effects of altered intracellular 
glucocorticoid metabolism difficult. Moreover, glucocorticoids also have important 
indirect effects, regulating other key transcription factors controlling lipid metabolism, 

20 notably inducing the peroxisome proliferator-activated receptor-a (PPARa) (18, 19). 
PPARa drives the oxidative adaptation to fasting (20, 21) and serves as the molecular 
target of hypolipidaemic fibrate drugs (22, 23). 

Summary of the Invention 

25 

It has been determined that 1 lB-HSD-l' 7 " mice have an altered cardiovascular risk profile 
due to liver-dependent changes in lipid metabolism and insulin sensitivity. This has been 
demonstrated by analysis of circulating lipids and lipoproteins and the expression of 
hepatic genes involved in lipid metabolism and transport, as well as fibrinogen, another 
30 glucocorticoid-sensitive hepatic transcript associated with cardiovascular risk. The 
findings reported herein demonstrate that a reduction in llp-HSDl leads to an 
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atheroprotective lipid profile which counteracts the effects of insulin resistance and 
metabolic syndrome. 

According to a first aspect, therefore, the invention provides the use of an agent which 
5 lowers levels of 1 1 p-HSDl in the manufacture of a composition for the promotion of an 
atheroprotective lipid profile. 



As set forth above, reduced levels of HDL and increase levels of plasma triglycerides, the 
major component of LDL, are major contributors to cardivascular risk and atherosclerosis. 
10 In accordance with the present invention, it is provided that inhibition of 1 1 p-HSDl leads 
to reduction in plasma triglycerides and thus LDL, and an increase in HDL. The lipid 
profile of individuals at risk from coronary heart disease, or other cardiovascular 
complaints, especially those linked with suboptimal cholesterol metabolism, may be 
improved by reduction of 1 1 p-HSDl levels. 

15 

Agents which reduce intracellular 1 1 p-HSDl activity include those agents which modify 
the genetic profile of an individual in order to downregulate 1 1 p-HSDl gene expression. 
Thus, the invention encompasses approaches involving gene therapy to delete or 
downregulate endogenous 11 p-HSDl genes. Such approaches include antisense nucleic 
20 acid approaches, which are capable of reducing or preventing the transcription and/or 
translation of mRNA in vivo, and other methods for genetic manipulation which act at the 
mRNA level; and genetic manipulation of endogenous genes to reduce levels of their 
expression in somatic tissues. 

25 Preferably, the agent which lowers 11 p-HSDl levels is an inhibitor of 11 p-HSDl 
synthesis or activity. Thus, as set out below, "levels" should be understood to refer to the 
activity of 1 1 p-HSDl and not necessarily to the physical amounts of this enzyme present 
in tissues or cells. Inhibitors of 11 p-HSDl are known in the art, arid further described 
below. 

30 
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Advantageously, the lipid profile of the treated individual shows a reduction in plasma 
triglycerides and/or an increase in HDL cholesterol. Such lipid profiles are acknowledged 
to be atheroprotective. 

5 Preferably, the treated individual moreover shows a reduction in plasma fibrinogen. 
Accordingly, the invention provides the use of an agent which lowers levels of lip- 
HSD1 in the manufacture of a composition for the reduction of fibrinogen levels, wherein 
serum fibrinogen levels are reduced as a consequence of the reduction of llp-HSDl 
levels. Fibrinogen is an acknowledged independent CVS risk factor. 

10 

Advantageously, the invention also provides for a reduction in serum apoCIII levels. 
ApoCIII increases plasma triglyceride levels by inhibiting hepatic glycolysis. As 
described herein, inhibition of llp-HSDl activity leads to a reduction in serum apoCIII. 
Accordingly, the invention provides for the use of an agent which reduces intracellular 
15 1 lp-HSDl activity in the production of a composition for the reduction of apoCIII levels 
in an individual. ApoCIII is known to be positively correlated with cardiovascular disease 
risk. 

The 1 lp-HSDl activity is preferably an intracellular 1 lp-HSDl activity. 

20 

Moreover, the invention provides for the use of an agent which reduces intracellular 1 1 p- 
HSD1 activity in the production of a composition for the increase of PPARoc levels in an 
individual. PPARa promotes fatty acid oxidation in the liver; as shown below, inhibition 
of 1 1 p-HSDl leads to upregulation of PPARa, which in turn leads to reduction in plasma 
25 triglycerides. 

In a still further aspect, the invention provides the use of an agent which reduces 
intracellular llp-HSDl activity in the production of a composition for the promotion of 
insulin sensitivity. As set out above, insulin resistance is associated with cardiovascular 
30 risk and the metabolic syndrome. Reduction of llp-HSDl levels leads to an increase in 
insulin sensitivity. 
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Furthermore, the invention provides the use of an agent which reduces intracellular 1 1(3- 
HSD1 activity in the production of a composition for the improvement of glucose 
tolerance in an individual. Reduction in 11 (3-HSD 1 levels lead to improved dynamic 
glycaemic control. This is in keeping with the effects observed in improvements in 
5 glucose sensitivity. 

In a highly preferred embodiment, the invention provides for the combined use of an 
agent which reduced intracellular 1 1 (3-HSD 1 activity and a fibrate in the manufacture of a 
composition for the promotion of an atheroprotective lipid profile. Fibrates activate 
10 PPARa, lower plasma triglycerides and repress apoCIII; a combination therapy 
comprising both a fibrate and an agent which reduces 1 1 (3-HSD 1 activity confers a highly 
favourable lipid profile. 

In a further embodiment, the invention provides a method for reducing cardiovascular 
1 5 disease risk in a subject at risk of cardiovascular disease, comprising administering to said 
subject a pharmaceutically effective amount of an agent which reduces 11 (3-HSD 1 
activity. The invention moreover provides methods for improving glucose tolerance, 
increasing PPARa levels, increasing insulin sensitivity, reducing plasma triglyceride 
levels, increasing HDL cholesterol levels and/or reducing apoCIII levels, as described 
20 above. 

The invention further provides a method for reducing cardiovascular disease risk in a 
subject at risk of cardiovascular disease, comprising administering to said subject a 
pharmaceutically effective amount of an agent which reduces 11 (3-HSD 1 activity in 
25 combination with a fibrate. 

In a further embodiment, the invention provides a pharmaceutical composition comprising 
a fibrate and an agent which reduces 11 (3-HSD 1 activity. The pharmaceutical 
composition according to the invention may be provided as a combined preparation, or as 
30 a kit comprising both a fibrate and an agent which reduces llp-HSDl activity for 
simultaneous, simultaneous separate or sequential use. 
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Methods, uses and compositions according to the invention are useful in the treatment of 
a variety of conditions which are associated with increased risk of cardiovascular disease. 



Brief Description of the Figures 

5 

Figure l.A. Triglyceride levels in wild type (solid bars) versus 1 lpHSD-1"'" (open bars) 
animals subjected to dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast 
with 4h re-feed and 24RF; 24h fast with 24h re-feed. Lower case letter superscripts 
identify groups that are similar statistically. B. Representative true triglyceride FPLC 
10 profile from ad lib fed wild type and llpHSD-1" 7 * mice. Note the lower ad lib fed 
triglyceride levels in 11B-HSD1 -/- mice. 

Figure 2. A. Total cholesterol levels in wild type (solid bars) versus lipHSD-l"'" (open 
bars) animals subjected to dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h 

15 fast with 4h re-feed and 24RF; 24h fast with 24h re-feed. B. HDL cholesterol levels in 
wild type (solid bars) versus llpHSD-l 7 " (open bars) animals subjected to dietary 
manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re-feed and 24RF; 24h 
fast with 24h re-feed. (* significantly greater values in 1 1B-HSD1-/- mice than wild type). 
C. Hepatic apolipoprotein AI mRNA levels (encoding the major component of the HDL 

20 particle) in wild type (solid bars) versus llpHSD-1" 7 " (open bars) animals. Lower case 
letter superscripts identify groups that are similar statistically. Note the significantly 
higher HDL cholesterol levels in 1 1B-HSD1 -/- mice, as well as higher fed apolipoprotein 
AI mRNA in fed 118-HSD-r A mouse liver. 

25 Figure 3. Transcript levels of proteins of the lipogenic (A-C) and cholesterol biosynthesis 
pathways (Z>) in livers of wild type (solid bars) versus lipHSD-l 7 ' (open bars) animals 
subjected to dietary manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re- 
feed and 24RF; 24h fast with 24h re-feed. Transcript levels were analysed by northern 
blot as described in Materials and Methods. A. Fatty acid synthase transcript levels. B. 

30 Glycerolphosphate acyl transferase transcript levels. C. Sterol regulatory element binding 
protein- lc transcript levels. D. Hydroxy-methyl-glutaryl Co A synthase transcript levels. 
Transcript levels were corrected for RNA loading by using a cDNA probe for the Ul 
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small ribonucleoprotein. Lower case letter superscripts identify groups that are similar 
statistically. Note the unaltered levels of key enzymes of triglyceride and cholesterol 
biosynthesis in 11B-HSD1-/- mice suggesting that this does not account for the reduced 
triglycerides seen. Upon re-feeding SREBP-lc 5 FAS, GPAT and HMG-CoAR, were more 
5 rapidly and/or markedly induced in 116-HSD-r'" mice, implying HB-HSD-l" 7 * liver has 
greater insulin action or sensitivity in terms of lipogenic pathways. 

Figure 4. Transcript levels of proteins in the fatty acid oxidation pathway in livers of wild 
type (solid bars) versus llpHSD-T 7 " (open bars) animals subjected to dietary 
1 0 manipulation: AL; ad lib fed, F; 24h fasted, 4RF; 24h fast with 4h re-feed and 24RF; 24h 
fast with 24h re-feed. Transcript levels were analysed by northern blot as described in 
Materials and Methods. A. Carnitinepalmitoyltransferase-I (CPT-I) transcript levels. B. 
Acyl coA oxidase transcript levels. C. Uncoupling protein-2 transcript levels. D. 
Peroxisome proliferator-activated receptor-ct transcript levels. Transcript levels were 
15 corrected for RNA loading by using a cDNA probe for the Ul small ribonucleoprotein. 
Lower case letter superscripts identify groups that are similar statistically. Note the 
increased expression of key enzymes of beta-oxidation and their driving transcription 
factor PPARalpha in ad lib fed 11B-HSD1-/- mice. The data suggest that enhanced 
triglyceride metabolism underlies the reduction in plasma levels seen in 11B-HSD1-/- 
20 mice. 

Figure 5. Hepatic Aa-fibrinogen mRNA expression in 1 18-HSD-l-/- mice. Transcript 
levels Aa-fibrinogen in livers of wild type (solid bars) versus llB-HSD-r A (open bars) 
animals that are: AL; ad lib fed, F; 24h fasted. Lower case letter superscripts identify 
25 groups that are similar statistically .Transcript levels were corrected for RNA loading by 
using a cDNA probe for the Ul small ribonucleoprotein. Note that the independent 
cardiovascular risk factor, Aa-fibrinogen, transcript levels are reduced in 11B-HSD1-/- 
mice, further indicating a 'cardioprotective' phenotype. 
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Figure 6. Effect of administration of carbenoxolone on fasting plasma lipids in healthy 
humans and patients with type 2 diabetes mellitus. 6 men with type 2 diabetes mellitus 
5 and 6 healthy controls were administered placebo (filled bars) and carbenoxolone (open 
bars) in a randomised double-blind crossover study, as known in the art. Fasting levels of 
plasma lipids are shown. 

Figure 7. The effects of feeding status on plasma corticosterone levels in HB-HSD-r'" 
10 mice and on wild type 11B-HSD-1 mRNA and activity. A. Corticosterone levels, B. 11B- 
HSD-1 mRNA and C. 1 1B-HSD-1 activity (percentage conversion of corticosterone to 1 1- 
dehydrocorticosterone as outlined in Experimental Procedures) in wild type (solid bars) 
versus 1 IB-HSD-l"'" (open bars) animals that are: AL; ad lib fed, F; 24h fasted, 4RF; 24h 
fasted with a 4h re-feed and 24RF; 24h fasted with a 24h re-feed. 

15 

Figure 8. The effects of dietary status and 11B-HSD-1 knockout and plasma glucose, 
insulin and dynamic glucose disposal after intraperitoneal glucose administration. A. 
Plasma glucose and B. plasma insulin in wild type (solid bars) versus 1 lB-HSD-T 7 ' (open 
bars) animals that are: AL; ad lib fed, F; 24h fasted, 4RF; 24h fasted with a 4h re-feed 
20 and 24RF; 24h fasted with a 24h re-feed. C. Dynamics of glucose disposal upon 
intraperitoneal glucose load (2mg/g body weight) following a 16 hour fast in wild type 
(•) and 1 lB-HSD-r A mice (□). 

Detailed Description of the Invention 

25 

Unless defined otherwise, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art (e.g., in cell culture, 
molecular genetics, nucleic acid chemistry, hybridisation techniques and biochemistry). 
Standard techniques are used for molecular, genetic and biochemical methods (see 
30 generally, Sambrook et al., Molecular Cloning: A Laboratory Manual, 2d ed. (1989) Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. and Ausubel et al., Short 



12 

Protocols in Molecular Biology (1999) 4th Ed, John Wiley & Sons, Inc. which are 
incorporated herein by reference) and chemical methods. 



Definitions 

5 

An "agent", as used herein, is any substance which has the desired effect on 11(3-HSD1 
activity. Thus, the agent may be a chemical compound, such as a small molecule or 
complex organic compound, a protein, an antibody or a genetic construct which acts at the 
DNA or mRNA level in an organism. The agent may act directly or indirectly, and may 
1 0 modulate the activity of a substance which itself modulates the activity of 1 1 (3-HSD 1 . 

A "lipid profile" is the ratio of lipids present in the blood. A lipid profile usually includes 
the total cholesterol, high density lipoprotein (HDL) cholesterol, triglycerides, and the 
calculated low density lipoprotein (LDL) cholesterol. In the present invention, a lipid 
15 profile comprises at least the level of one or more triglycerides and the level of HDL 
cholesterol. 

An "atheroprotective" profile is a profile which prevents, offsets or ameliorates the 
pathogenesis of atherosclerosis. 

20 

"Expression", as in gene expression, is used herein to refer to the process of transcription 
and translation of a gene to produce a gene product, be it RNA or protein. Thus, 
inhibition of expression may occur at any one or more of many levels, including 
transcription, post-transcriptional processing, translation, post-translational modification, 
25 and the like. Agents which modulate gene expression, including transcription or 
translation, include for example agents which downregulate or knock out endogenous 
genes; including agents which knock out genes in pluripotent cells which give rise to all 
or part of an animal. 

30 Inhibition of 1 1 p-HSDl "synthesis or activity" refers to the inhibition of 1 1 (3-HSD1 at the 
protein level, to prevent or downregulate the production of the protein, or at least one 
biological activity of the protein once produced. 
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"Cardiovascular disease risk" is the risk, as measured according to accepted risk factors, 
to which an animal is exposed of suffering from one or more cardiovascular complaints or 
pathologies. Cardiovascular disease (CVD) includes coronary heart disease (CHD) and 
5 stroke. The measurement of risk itself is largely statistical; in the context of the present 
invention, the presence or absence of factors which are accepted to contribute to 
increasing or decreasing the risk of CVD according to statistical analyses are taken as 
indicative of increased or decreased risk respectively. 

10 A pharmaceutical^ effective amount is an amount of a composition which achieves the 
desired effect in an animal. The actual amount will vary on a number of factors, as 
known to those skilled in the art. Using the guidance given herein and knowledge of the 
art, the determination of a pharmaceutical ly effective amount is within the ordinary skill 
of a physician. Pharmaceutically effective amounts designed for particular applications 

15 may be packaged as unit doses to facilitate administration. 

11-p Hydroxysteroid Dehydrogenase Type 1 

lip-HSDl is known in the art (A. K. Agarwal, C. Monder, B. Eckstein, and P. C. White. 

20 Cloning and expression of rat cDNA encoding corticosteroid 1 Ip-dehydrogenase. 
J.BiolChem. 264:18939-18943, 1989) and is commonly expressed in white adipose tissue 
and liver. The structure of 11(3-HSD1 and the human gene encoding it are known 
(GenBank NM_005525.1 GL5031764). Human cDNA clones encoding 11-beta- 
hydroxysteroid dehydrogenase type I were isolated from a testis cDNA library by 

25 hybridisation with the previously isolated rat 1 1-HSD cDNA clone (Tannin, et al, J. Biol. 
Chem. 266: 16653-16658, 1991). The cDNA contained an open reading frame of 876 
nucleotides, which predicted a protein of 292 amino acids. The sequence was 77% 
identical at the amino acid level to the rat 1 1-HSD. By hybridisation of the human cDNA 
to a human/hamster hybrid cell panel, Tannin et al, J. Biol. Chem. 266: 16653-16658, 

30 1991 localised the 1 lp-HSDl gene to chromosome 1. The localisation was confirmed by 
isolating the gene from a chromosome 1 -specific library using the cDNA as a probe. The 
gene consists of 6 exons and is at least 9 kb long. 
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Agents 

which modulate 1 1 B-HSD1 expression 

5 The modulation of gene expression is known to those skilled in the art to be achievable in 
a number of ways in vivo and in vitro. Antisense techniques as well as direct gene 
manipulation are known for use in modulating gene expression. The invention thus 
includes the use of antisense nucleic acids, which may incorporate natural or modified 
nucleotides, or both, ribozymes, including hammerhead ribozymes, gene knockout such as 

10 by homologous recombination, and other techniques for reducing gene expression levels. 

Nucleic acid agents may be produced and expressed according to techniques known in the 
art. Nucleic acids encoding desired agents can be incorporated into vectors for 
manipulation and expression. As used herein, vector (or plasmid) refers to discrete 

1 5 elements that are used to introduce heterologous DNA into cells for either expression or 
replication thereof. Selection and use of such vehicles are well within the skill of the 
artisan. Many vectors are available, and selection of appropriate vector will depend on the 
intended use of the vector, i.e. whether it is to be used for DNA amplification or for DNA 
expression, the size of the DNA to be inserted into the vector, and the host cell to be 

20 transformed with the vector. Each vector contains various components depending on its 
function (amplification of DNA or expression of DNA) and the host cell for which it is 
' compatible. The vector components generally include, but are not limited to, one or more 
of the following: an origin of replication, one or more marker genes, an enhancer element, 
a promoter, a transcription termination sequence and a signal sequence. 

25 

Both expression and cloning vectors generally contain nucleic acid sequence that enable 
the vector to replicate in one or more selected host cells. Typically in cloning vectors, this 
sequence is one that enables the vector to replicate independently of the host 
chromosomal DNA, and includes origins of replication or autonomously replicating 
30 sequences. Such sequences are well known for a variety of bacteria, yeast and viruses. 
The origin of replication from the plasmid pBR322 is suitable for most Gram-negative 
bacteria, the 2m plasmid origin is suitable for yeast, and various viral origins (e.g. SV 40, 
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polyoma, adenovirus) are useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian expression vectors unless 
these are used in mammalian cells competent for high level DNA replication, such as 
COS cells. 

5 

Most expression vectors are shuttle vectors, i.e. they are capable of replication in at least 
one class of organisms but can be transfected into another class of organisms for 
expression. For example, a vector is cloned in E. coli and then the same vector is 
transfected into yeast or mammalian cells even though it is not capable of replicating 
10 independently of the host cell chromosome. DNA may also be replicated by insertion into 
the host genome. 

Advantageously, an expression and cloning vector may contain a selection gene also 
referred to as selectable marker. This gene encodes a protein necessary for the survival or 
15 growth of transformed host cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not survive in the culture 
medium. Typical selection genes encode proteins that confer resistance to antibiotics and 
other toxins, e.g. ampicillin, neomycin, methotrexate or tetracycline, complement 
auxotrophic deficiencies, or supply critical nutrients not available from complex media. 

20 

As to a selective gene marker appropriate for yeast, any marker gene can be used which 
facilitates the selection for transformants due to the phenotypic expression of the marker 
gene. Suitable markers for yeast are, for example, those conferring resistance to 
antibiotics G418, hygromycin or bleomycin, or provide for prototrophy in an auxotrophic 
25 yeast mutant, for example the URA3, LEU2, LYS2, TRP1, or HIS3 gene. 

Since the replication of vectors is conveniently done in E. coli, an E. coli genetic marker 
and an E. coli origin of replication are advantageously included. These can be obtained 
from E. coli plasmids, such as pBR322, Bluescript© vector or a pUC plasmid, e.g. pUC18 
30 or pUC19, which contain both E. coli replication origin and E. coli genetic marker 
conferring resistance to antibiotics, such as ampicillin. 
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Suitable selectable markers for mammalian cells are those that enable the identification of 
cells which have been transformed with the nucleic acid in question, such as dihydrofolate 
reductase (DHFR, methotrexate resistance), thymidine kinase, or genes conferring 
resistance to G418 or hygromycin. The mammalian cell transformants are placed under 
selection pressure which only those transformants which have taken up and are expressing 
the marker are uniquely adapted to survive. In the case of a DHFR or glutamine synthase 
(GS) marker, selection pressure can be imposed by culturing the transformants under 
conditions in which the pressure is progressively increased, thereby leading to 
amplification (at its chromosomal integration site) of both the selection gene and the 
linked DNA. 

Expression and cloning vectors usually contain a promoter that is recognised by the host 
organism and is operably linked to the desired nucleic acid. Such a promoter may be 
inducible or constitutive. The promoters may be operably linked to the nucleic acid in 
question by removing the promoter from the source DNA, for example by restriction 
enzyme digestion, and inserting the isolated promoter sequence into the vector. The term 
"operably linked" refers to a juxtaposition wherein the components described are in a 
relationship permitting them to function in their intended manner. A control sequence 
"operably linked" to a coding sequence is ligated in such a way that expression of the 
coding sequence is achieved under conditions compatible with the control sequences. 

Promoters suitable for use with prokaryotic hosts include, for example, the fi-lactamase 
and lactose promoter systems, alkaline phosphatase, the tryptophan (trp) promoter system 
and hybrid promoters such as the tac promoter. Their nucleotide sequences have been 
published, thereby enabling the skilled worker operably to ligate them into vectors as 
required, using linkers or adaptors to supply any required restriction sites. Promoters for 
use in bacterial systems will also generally contain a Shine-Delgarno sequence. 

Preferred expression vectors are bacterial expression vectors which comprise a promoter 
of a bacteriophage such as phagex or T7 which is capable of functioning in the bacteria. 
In one of the most widely used expression systems, the nucleic acid encoding the fusion 
protein may be transcribed from the vector by T7 RNA polymerase (Studier et al, 
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Methods in Enzymol. 185; 60-89, 1990). In the E. coll BL21(DE3) host strain, used in 
conjunction with pET vectors, the T7 RNA polymerase is produced from the X-lysogen 
DE3 in the host bacterium, and its expression is under the control of the IPTG inducible 
lac UV5 promoter. This system has been employed successfully for over-production of 

5 many proteins. Alternatively the polymerase gene may be introduced on a lambda phage 
by infection with an int- phage such as the CE6 phage which is commercially available 
(Novagen, Madison, USA), other vectors include vectors containing the lambda PL 
promoter such as PLEX (Invitrogen, NL) , vectors containing the trc promoters such as 
pTrcHisXpressTm (Invitrogen) or pTrc99 (Pharmacia Biotech, SE) , or vectors containing 

10 the tac promoter such as pKK223-3 (Pharmacia Biotech) or PMAL (new England 
Biolabs, MA, USA). 

Suitable promoting sequences for use with yeast hosts may be regulated or constitutive 
and are preferably derived from a highly expressed yeast gene, especially a 
15 Saccharomyces cerevisiae gene. Thus, the promoter of the TRP1 gene, the ADHI or 
ADHII gene, the acid phosphatase (PH05) gene, a promoter of the yeast mating 
pheromone genes coding for the a- or a-factor or a promoter derived from a gene 
encoding a glycolytic enzyme such as the promoter of the enolase, glyceraldehyde-3- 
phosphate dehydrogenase (GAP), 3-phospho glycerate kinase (PGK), hexokinase, 
20 pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3- 
phosphoglycerate mutase, pyruvate kinase, triose phosphate isomerase, phosphoglucose 
isomerase or glucokinase genes, the S. cerevisiae GAL 4 gene, the S. pombe nmt 1 gene 
or a promoter from the TATA binding protein (TBP) gene can be used. Furthermore, it is 
possible to use hybrid promoters comprising upstream activation sequences (UAS) of one 

25 yeast gene and downstream promoter elements including a functional TATA box of 
another yeast gene, for example a hybrid promoter including the UAS(s) of the yeast 
PH05 gene and downstream promoter elements including a functional TATA box of the 
yeast GAP gene (PH05-GAP hybrid promoter). A suitable constitutive PH05 promoter is 
e.g. a shortened acid phosphatase PH05 promoter devoid of the upstream regulatory 

30 elements (UAS) such as the PH05 (-173) promoter element starting at nucleotide -173 and 
ending at nucleotide -9 of the PH05 gene. 
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Gene transcription from vectors in mammalian hosts may be controlled by promoters 
derived from the genomes of viruses such as polyoma virus, adenovirus, fowlpox virus, 
bovine papilloma virus, avian sarcoma virus, cytomegalovirus (CMV), a retrovirus and 
Simian Virus 40 (SV40), from heterologous mammalian promoters such as the actin 
5 promoter or a very strong promoter, e.g. a ribosomal protein promoter. 

Transcription of nucleic acids by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are relatively orientation and position 
independent. Many enhancer sequences are known from mammalian genes (e.g. elastase 
10 and globin). However, typically one will employ an enhancer from a eukaryotic cell virus. 
Examples include the SV40 enhancer on the late side of the replication origin (bp 100- 
270) and the CMV early promoter enhancer. The enhancer may be spliced into the vector 
at a position 5' or 3' to the coding sequence, but is preferably located at a site 5' from the 
promoter. 

15 

Advantageously, a eukaryotic expression vector may comprise a locus control region 
(LCR). LCRs are capable of directing high-level integration site independent expression 
of transgenes integrated into host cell chromatin, which is of importance especially where 
the gene is to be expressed in the context of a permanently-transfected eukaryotic cell line 
20 in which chromosomal integration of the vector has occurred, in vectors designed for 
gene therapy applications or in transgenic animals. 

Eukaryotic expression vectors will also contain sequences necessary for the termination of 
transcription and for stabilising the mRNA. Such sequences are commonly available from 
25 the 5' and 3' untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions 
contain nucleotide segments transcribed as polyadenylated fragments in the untranslated 
portion of the mRNA . 

An expression vector includes any vector capable of expressing nucleic acids that are 
30 operatively linked with regulatory sequences, such as promoter regions, that are capable 
of expression of such DNAs. Thus, an expression vector refers to a recombinant DNA or 
RNA construct, such as a plasmid, a phage, recombinant virus or other vector, that upon 
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introduction into an appropriate host cell, results in expression of the cloned DNA. 
Appropriate expression vectors are well known to those with ordinary skill in the art and 
include those that are replicable in eukaryotic and/or prokaryotic cells and those that 
remain episomal or those which integrate into the host cell genome. 

5 

Construction of vectors according to the invention employs conventional ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and religated in the 
form desired to generate the plasmids required. If desired, analysis to confirm correct 
sequences in the constructed plasmids is performed in a known fashion. Suitable methods 

10 for constructing expression vectors, preparing in vitro transcripts, introducing DNA into 
host cells, and performing analyses for assessing expression and function are known to 
those skilled in the art. Gene presence, amplification and/or expression may be measured 
in a sample directly, for example, by conventional Southern blotting, Northern blotting to 
quantitate the transcription of mRNA, dot blotting (DNA or RNA analysis), or in situ 

15 hybridisation, using an appropriately labelled probe which may be based on a sequence 
provided herein. Those skilled in the art will readily envisage how these methods may be 
modified, if desired. 

Vectors as described above may be used in gene therapy techniques and applied to the 
20 treatment of diseases. For example, a nucleic acid sequence encoding an antisense 
molecule according to the present invention may be inserted into a viral or non- viral 
vector designed for the delivery of nucleic acids to the cells of a patient, either ex-vivo or 
in vivo. 

25 Examples of viral vectors include adenovirus vectors, adenoassociated virus vectors, 
retroviral vectors. Examples of non- viral vectors include naked DNA, condensed DNA 
particles, liposome-type vectors which may include a targeting moiety and, if applicable, 
escape peptides derived from viruses, and DNA complexed to targeting moieties such as 
antibodies or cell surface ligands, which are preferably internalised by the target cell. 
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which modul&te 1 1B-HSD1 synthesis or activity 
Agents which are capable of modulating 11(3-HSD1 activity are well known in the art. 
Monder C, White PC. 1 lp-Hydroxy steroid dehydrogenase. Vitamins and Hormones 
1993; 47: 187-271, provided an extensive list of such inhibitors in 1993. That list, given 
5 as Table IV therein, is incorporated herein by reference. Especially preferred are 
inhibitors of the reductase activity of lip-HSDl, which include 1 1 -oxoprogesterone, 
3a,17,21-trihydoxy-5p-pregnan-3-one, 21-hydroxy-pregn-4-ene-3,l 1,20-trione, androst- 
4-ene-3 5 l 1,20-trione and 3p-hydroxyandrost-5-en-17-one. 

10 Further inhibitors, and modes of administration thereof, are known for example from 
Walker et al., "Carbenoxolone Increases Hepatic Insulin Sensitivity in Man: A Novel 
Role for 1 1-oxosteroid Reductase in Enhancing Glucocorticoid Receptor Activation," J. 
Clin. Endocrinology and Metabolism 80 (11): 3155-59 (1995); Gomez-Sanchez et al., 
"Central hypertensinogenic effects of glycyrrhizic acid and carbenoxolone," Am J Physiol 
15 263 (6 Pt 1): E1125-E1130 (1992) which showed that liquorice, glycyrrhizic acid, and 
carbenoxolone were known inhibitors, as well as the infusion of glycyrrhizic acid and 
carbenoxolone into the lateral ventricle of the brain of the rat at doses less than that which, 
has an effect when infused subcutaneously, produces hypertension, showing that such 
compounds were administered subcutaneously, orally, and by infusion; see also 
20 Whorwood et al., "Liquorice inhibits 1 1 beta-hydroxysteroid dehydrogenase messenger 
ribonucleic acid levels and potentiates glucocorticoid hormone action," Endocrinology 
132 (6): 2287-92 (1993). Even further still, Homma et ah, "A Novel 1 1 P-Hydroxsteroid 
Dehydrogenase Inhibitor Contained in Saiboku-To, a Herbal Remedy for Steroid- 
dependent Bronchial Asthma," J. Pharm Pharmacol 46:305-309 (1994), Zhang et al., 
25 "Inhibition of 1 ip-Hydroxy steroid Dehydrogenase Obtained from Guinea Pig Kidney by 
Furosemide, Naringenin and Some Other Compounds," J Steroid Biochem Molec Biol 
49(l):81-85 (1994), and Lee et al., "Grapefruit juice and its flavenoids inhibit llp- 
hydroxysteroid dehydrogenase," Clin Pharmacol Ther 59:62-71 (1996), describe even 
more inhibitors that can be administered in known ways (both in terms of doses and 
30 routes of administration), such as flavenoids, which "are sold in tablet form in health food 
stores and drug stores," and herbs or constituents of herbs. Moreover, Morris et al., 
"Endogenous 11 beta-hydroxysteroid dehydrogenase inhibitors and their role in 
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glucocorticoid Na+ 'retention and hypertension," Endocr Res 22(4):793-801 (1996) 
describe progesterone metabolites as llp-HSDl inhibitors, and progesterone is also a 
substance that can be administered, both in terms of doses and routes of administration, 
without difficulty by one skilled in the art. 

5 

Agents according to the invention may moreover be antibodies. Antibodies, as used 
herein, refers to complete antibodies or antibody fragments capable of binding to a 
selected target, and including Fv, ScFv, Fab' and F(ab')2, monoclonal and polyclonal 
antibodies, engineered antibodies including chimeric, CDR-grafted and humanised 
10 antibodies, and artificially selected antibodies produced using phage display or alternative 
techniques. Small fragments, such Fv and ScFv, possess advantageous properties for 
diagnostic and therapeutic applications on account of their small size and consequent 
superior tissue distribution. 

15 The antibodies according to the invention are especially indicated for diagnostic and 
therapeutic applications. Accordingly, they may be altered antibodies comprising an 
effector protein such as a toxin or a label. Especially preferred are labels which allow the 
imaging of the distribution of the antibody in vivo. Such labels may be radioactive labels 
or radioopaque labels, such as metal particles, which are readily visualisable within the 

20 body of a patient. Moreover, the may be fluorescent labels or other labels which are 
visualisable on tissue samples removed from patients. 

Recombinant DNA technology may be used to improve the antibodies of the invention. 
Thus, chimeric antibodies may be constructed in order to decrease the immunogenicity 
25 thereof in diagnostic or therapeutic applications. Moreover, immunogenicity may be 
minimised by humanising the antibodies by CDR grafting [see European Patent 0 239 400 
(Winter)] and, optionally, framework modification [European Patent 0 239 400; reviewed 
in international patent application WO 90/07861 (Protein Design Labs)]. 

30 Antibodies according to the invention may be obtained from animal serum, or, in the case 
of monoclonal antibodies or fragments thereof, produced in cell culture. Recombinant 
DNA technology may be used to produce the antibodies according to established 



22 

procedure, in bacterial or preferably mammalian cell culture. The selected cell culture 
system preferably secretes the antibody product. 



Therefore, the present invention includes a process for the production of an antibody 
5 according to the invention comprising culturing a host, e.g. E. coli or a mammalian cell, 
which has been transformed with a hybrid vector comprising an expression cassette 
comprising a promoter operably linked to a first DNA sequence encoding a signal peptide 
linked in the proper reading frame to a second DNA sequence encoding said protein, and 
isolating said protein. 

10 

Multiplication of hybridoma cells or mammalian host cells in vitro is carried out in 
suitable culture media, which are the customary standard culture media, for example 
Dulbecco's Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally 
replenished by a mammalian serum, e.g. foetal calf serum, or trace elements and growth 

15 sustaining supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells, 
spleen cells, bone marrow macrophages, 2-aminoethanol, insulin, transferrin, low density 
lipoprotein, oleic acid, or the like. Multiplication of host cells which are bacterial cells or 
yeast cells is likewise carried out in suitable culture media known in the art, for example 
for bacteria in medium LB, NZCYM, NZYM, NZM, Terrific Broth, SOB, SOC, 2 x YT, 

20 or M9 Minimal Medium, and for yeast in medium YPD, YEPD, Minimal Medium, or 
Complete Minimal Dropout Medium. 

In vitro production provides relatively pure antibody preparations and allows scale-up to 
give large amounts of the desired antibodies. Techniques for bacterial cell, yeast or 
25 mammalian cell cultivation are known in the art and include homogeneous suspension 
culture, e.g. in an airlift reactor or in a continuous stirrer reactor, or immobilised or 
entrapped cell culture, e.g. in hollow fibres, microcapsules, on agarose microbeads or 
ceramic cartridges. 

30 Large quantities of the desired antibodies can also be obtained by multiplying mammalian 
cells in vivo. For this purpose, hybridoma cells producing the desired antibodies are 
injected into histocompatible mammals to cause growth of antibody-producing tumours. 
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Optionally, the animalsare primed with a hydrocarbon, especially mineral oils such as 
pristane (tetramethyl-pentadecane), prior to the injection. After one to three weeks, the 
antibodies are isolated from the body fluids of those mammals. For example, hybridoma 
cells obtained by fusion of suitable myeloma cells with antibody-producing spleen cells 
5 from Balb/c mice, or transfected cells derived from hybridoma cell line Sp2/0 that 
produce the desired antibodies are injected intraperitoneally into Balb/c mice optionally 
pre-treated with pristane, and, after one to two weeks, ascitic fluid is taken from the 
animals. 

10 The foregoing, and other, techniques are discussed in, for example, Kohler and Milstein, 
(1975) Nature 256:495-497; US 4,376,110; Harlow and Lane, Antibodies: a Laboratory 
Manual, (1988) Cold Spring Harbor, incorporated herein by reference. Techniques for the 
preparation of recombinant antibody molecules is described in the above references and 
also in, for example, EP 0623679; EP 0368684 and EP 0436597, which are incorporated 

15 herein by reference. 

The cell culture supematants are screened for the desired antibodies, preferentially by 
immunofluorescent staining of cells expressing the desired antigen by immunoblotting, by 
an enzyme immunoassay, e.g. a sandwich assay or a dot-assay, or a radioimmunoassay. 

20 

For isolation of the antibodies, the immunoglobulins in the culture supematants or in the 
ascitic fluid may be concentrated, e.g. by precipitation with ammonium sulphate, dialysis 
against hygroscopic material such as polyethylene glycol, filtration through selective 
membranes, or the like. If necessary and/or desired, the antibodies are purified by the 
25 customary chromatography methods, for example gel filtration, ion-exchange 
chromatography, chromatography over DEAE-cellulose and/or (immuno-)affinity 
chromatography, e.g. affinity chromatography with an lip-HSDl molecule or with 
Protein- A. 

30 The invention further concerns hybridoma cells secreting the monoclonal antibodies of 
the invention. The preferred hybridoma cells of the invention are genetically stable, 
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secrete monoclonal antibodies of the invention of the desired specificity and can be 
activated from deep-frozen cultures by thawing and recloning. 

The invention also concerns a process for the preparation of a hybridoma cell line 
5 secreting monoclonal antibodies directed to a 1 Ip-HSDl molecule, characterised in that a 
suitable mammal, for example a Balb/c mouse, is immunised with a purified lip-HSDl 
molecule, an antigenic carrier containing a purified lip-HSDl molecule or with cells 
bearing llp-HSDl, antibody-producing cells of the immunised mammal are fused with 
cells of a suitable myeloma cell line, the hybrid cells obtained in the fusion are cloned, 
10 and cell clones secreting the desired antibodies are selected. For example spleen cells of 
Balb/c mice immunised with cells bearing 1 ip-HSDl are fused with cells of the myeloma 
cell line PAI or the myeloma cell line Sp2/0-Agl4, the obtained hybrid cells are screened 
for secretion of the desired antibodies, and positive hybridoma cells are cloned. 

15 Preferred is a process for the preparation of a hybridoma cell line, characterised in that 
Balb/c mice are immunised by injecting subcutaneously and/or intraperitoneal^ between 
10 and 107 and 108 cells of human tumour origin which express lip-HSDl containing a 
suitable adjuvant several times, e.g. four to six times, over several months, e.g. between 
two and four months, and spleen cells from the immunised mice are taken two to four 

20 days after the last injection and fused with cells of the myeloma cell line PAI in the 
presence of a fusion promoter, preferably polyethylene glycol. Preferably the myeloma 
cells are fused with a three- to twentyfold excess of spleen cells from the immunised mice 
in a solution containing about 30 % to about 50 % polyethylene glycol of a molecular 
weight around 4000. After the fusion the cells are expanded in suitable culture media as 

25 described hereinbefore, supplemented with a selection medium, for example HAT 
medium, at regular intervals. 

The invention also provides intracellular antibodies, capable of operating within a cell, for 
the regulation of lip-HSDl levels intracellularly. Intracellular antibodies are 
30 advantageously scFv antibodies, expressed intracellularly from expression vectors as is 
known in the art. 
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Intracellular antibodies or intrabodies have been demonstrated to function in antigen 
recognition in the cells of higher organisms (reviewed in Cattaneo, A. & Biocca, S. (1997) 
Intracellular Antibodies: Development and Applications. Landes and Springer-Verlag). 
This interaction can influence the function of cellular proteins which have been 

5 successfully inhibited in the cytoplasm, the nucleus or in the secretory pathway. This 
efficacy has been demonstrated for viral resistance in plant biotechnology (Tavladoraki, 
P., et al (1993) Nature 366: 469-472) and several applications have been reported of 
intracellular antibodies binding to HIV viral proteins (Mhashilkar, A.M., et al. (1995) 
EMBO J 14: 1542-51; Duan, L. & Pomerantz, R.J. (1994) Nucleic Acids Res 22: 5433-8; 

10 Maciejewski, J.P., et al. (1995) Nat Med 1: 667-73; Levy-Mintz, P., et al (1996) Virol 
70: 8821-8832) and to oncogene products (Biocca, S., Pierandrei-Amaldi, P. & Cattaneo, 
A. (1993) Biochem Biophys Res Commun 197: 422-7; Biocca, S., Pierandrei-Amaldi, P., 
Campioni, N. & Cattaneo, A. (1994) Biotechnology (N Y) 12: 396-9; Cochet, O., et al 
(1998) Cancer Res 58: 1 170-6). 

15 

Atheroprotective Lipid Profile 

Glucocorticoids have been implicated in the development of several metabolic defects 
found in the Metabolic Syndrome. The importance of pre-receptor metabolism of 

20 glucocorticoids is clear for the 1 113-HSD2-mineralocorticoid receptor system in the distal 
nephron (7, 8). Any biological role of 1 1B-HSD1, which has been proposed to regenerate 
active corticoids in sites of high expression such as liver, has been obscure. The present 
invention demonstrates that reduction in lip-HSDl levels promotes a 'cardioprotective' 
plasma lipid and lipoprotein phenotype, at least in part due to changes in expression of 

25 key enzymes and transcription factors in the liver. 

Distinct phenotypic responses can be defined in the llpHSD-l" A mice, depending on 
dietary status. Ad lib fed lipHSD-T 7 " mice exhibit a 'favourable' lipid profile resulting 
from an apparent increase in hepatic oxidative drive and reduced levels of several markers 
30 associated with increased cardiovascular risk. Fasted llpHSD-T A mice show attenuated 
glucocorticoid-inducible responses consistent with those observed in their carbohydrate 
metabolism (16). Re-feeding after fasting indicates lipHSD-l" 7 " mice have increased 
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hepatic insulin sensitivity. An advantageous metabolic profile is also supported by 
demonstration of improved glycaemic control in lipHSD-l"'" mice. 

In the ad lib fed state, lipHSD-1"'* mice exhibit several features of a 'cardioprotective' 
5 lipid and lipoprotein phenotype. Plasma triglyceride levels are reduced and potentially 
beneficial HDL cholesterol is elevated. Moreover, lipHSD-1"'" animals have reduced 
serum apoCIII. ApoCIII increases plasma triglycerides by inhibiting hepatic lipolysis (38) 
and interfering with transfer of triglycerides to the liver (34, 39). Reduction of apoCIII 
would in itself, therefore, contribute to reduced triglycerides. Indeed, apoCIII is positively 
10 correlated with cardiovascular disease risk (40). Analogously, null mice show increased 
ApoAI transcript levels, consistent with raised plasma HDL cholesterol. ApoAI is the 
main component of HDL and is negatively associated with cardiovascular risk (35). 

It is unlikely that decreased synthesis of triglyceride or cholesterol contributes to this 
15 phenotype as the expression of key rate-limiting lipogenic and cholesterologenic enzymes 
was unaffected, consistent with the finding that the lipogenic transcription factor 
SREBPlc mRNA was also maintained at wild type levels. In contrast, key enzymes of 
hepatic fatty acid oxidation were elevated in the 1113HSD-1 null mice, compatible with 
increased hepatic catabolism of triglyceride as a mechanism driving the plasma changes 
20 seen. 

PPARa 

Increased triglyceride catabolism may stem from elevated PPARa and is consistent with 
25 reports that the genes of fatty acid oxidation CPT-I (31), ACO (32), as well as UCP-2 (30, 
33) are targets for PPARa in liver. 

Indeed, a number of changes observed in the llpHSD-l'" mice suggest elevated PPARa 
levels may play a functional role in the atheroprotective phenotype. Thus, PPARa 
30 activation by fibrate ligands lowers plasma triglyceride and represses apoCIII (23) and 
Aa-fibrinogen expression (41). The 25% reduction in Aa-fibrinogen transcript levels 
observed in the 1 ipHSD-1"'' mice is similar to the effect of fibrate administration and is 
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consistent with this transcript being PPARcc repressible (41). Since changes in Act- 
transcript levels closely follow changes in plasma levels (41) we infer that the reduced 
transcript levels observed here would be likely to contribute to the overall 
atheroprotective profile of the llpHSD-1"'" mouse. High fibrinogen levels are 
5 independently correlated with increased cardiovascular risk (37). It could be said, 
therefore, that the fed lipHSD-1"'" animals mimic in part the phenotype of a fibrate 
treated animal. 

1 1I3HSD-1 null mice show apparently lower intracellular glucocorticoid levels and action 
10 in the face of elevated basal and post-stress (e.g. fasting) plasma corticosterone levels 
(16). This underlines the importance of regeneration of corticosterone from 11- 
dehydrocorticosterone in determining intracellular glucocorticoid effects. The lack of 
induction of PPARa with fasting is compatible with this notion, but it cannot explain the 
elevated fed PPARa levels. PPARa is induced by glucocorticoids (18) and follows a 
15 diurnal cycle that parallels the corticosterone rhythm (19). This implies that control of 
PPARa expression by glucocorticoid occurs not only in extreme conditions such as the 
stress-response to fasting but also during the normal diurnal cycle where glucocorticoid 
and insulin levels show more modest changes. One potential explanation for elevated 
PPARa expression at the diurnal nadir (8am) in 1 lpHSD-1''" mice is that they have subtly 
20 elevated plasma corticosterone levels at this time (this study: wild type 25.2±7.2nmol/l 
versus llpHSD-l" 7 " 47.5±7.8 nmol/L, p<0.05, in good agreement with our previous 
reports (16, 24). This results from somewhat impaired negative feedback upon the HP A 
axis normally amplified by lipHSD-1 (16, 24). Interestingly, llp-HSD-1"'- mice show a 
reduced intracellular glucocorticoid response in brain in the face of an exaggerated stress- 
25 mediated increase in plasma corticosterone (42). This would imply that liver gene 
expression is perhaps less sensitive to the exquisite regulation of gene expression 
mediated by lipHSD-1 in the brain and is more sensitive to the prevailing plasma 
corticosterone levels. However, levels of the glucocorticoid-sensitive hepatic binding 
protein CBG and liver GR binding are similar (24) in ad lib fed lipHSD-1" 7 " mice and 
30 wild type mice in the morning. The lack of down-regulation of GR (43) and CBG (44) in 
lipHSD-1 7 " liver, in the face of elevated plasma corticosterone levels indicate that 
effective glucocorticoid action within the liver is indeed attenuated, suggesting that 
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factors other than merely plasma corticosterone concentrations are responsible for the 
increased hepatic PPARa expression. PPARa is regulated by myriad factors including 
other steroids (45), lipids (46), retinoids (47) and hormones (48), including insulin as 
shown in the present study. The precise determinants of elevated basal PPARa in this 
5 model of chronic subtle glucocorticoid depletion in the liver remain to be determined. 

It is also clear that PPARa and GR have overlapping and sometimes opposing actions on 
target promoters. For example, fibrinogen levels are positively regulated by 
glucocorticoids (36, 49) and negatively regulated by PPARa (41). Similarly, 
10 apolipoprotein AI is induced by glucocorticoids (50) whereas in mice apoAI (23), and 
apoAII levels are repressed by PPARa. Our observation of elevated ApoAI transcript 
levels in fed llpHSD-l"'" mice could imply that the apoAI promoter, is more sensitive to 
glucocorticoid-mediated induction than to PPARa-mediated repression. For some 
promoters the GR effect seems to predominate, for others PPARa. Alternatively, since 
1 5 insulin is known to positively regulate the apoAI promoter (Murao et al., 1 998), increased 
insulin sensitivity in UpHSD-r'" liver mice may also explain the discrepancy in gene 
expression observed. Further work will be necessary to determine the underlying 
mechanism for the apoAI expression pattern. However we would expect that since this 
component of the HDL reverse cholesterol transport system is negatively correlated with 
20 cardiovascular risk that elevated levels could contribute to the overall atheroprotective 
profile of 1 lpHSD-r'" mice. 

Glucose Metabolism 

25 Among the physiological roles of glucocorticoids is the adaptation of animals to 
prolonged nutrient deprivation. During this response, elevated glucocorticoid levels drive 
increased hepatic glucose production and fatty acid oxidation whilst concomitantly 
facilitating adipose tissue lipolysis to provide the fatty acids and glycerol required by the 
liver. In the fasted state, 11B-HSD-1"'" mice show attenuation of glucocorticoid-sensitive 

30 gene expression. PPARa and apoAI show attenuated induction whereas GPAT exhibits 
an attenuated fasting repression. These results are in agreement with previous findings on 
attenuation of glucocorticoid-inducible glucose metabolism in llG-HSD-l''" mice 
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(Kotelevtsev et al, 1997). This implies that the null mice have a relative lack of 
intracellular glucocorticoid during fasting or stress. Despite this attenuated induction, the 
mice appear to be capable of maintaining their hepatic fatty acid oxidation system over a 
24 hour fast. Thus, despite an abolished fasting induction of PPARcc inl 1B-HSD-1"'" mice, 

5 a major rate limiting enzyme in mitochondrial oxidation (CPT-I) appears to be normally 
induced, and fasting plasma glucose levels are not significantly lower than wild type 
animals. This is in contrast to findings in fasted PPARa null mice which exhibit profound 
hypoglycaemia upon prolonged fasting (Kersten et al., 1999, Leone et al:, 1999). There is 
relatively pronounced lipid accumulation in llpHSD-l v " liver on fasting, reminiscent of 

10 the fatty liver observed in fasted PPARa null mice (Kersten et al., 1999, Leone et al., 

1999) . However, lipid accumulation seems to resolve in HB-HSD-l^ mice upon re- 
feeding. Whether lipid accumulation is due to blunted PPARa-driven increases in fatty 
acid oxidation, as in fasted PPARa knockout mice, remains to be determined. Indeed, 
whilst PPARa may regulate CPT-I levels in the ad lib state (Yu et al., 1998), fast- 

15 mediated induction of CPT-I is unaffected in PPARa knockout mice (Le May et a/., 

2000) implying that this process is independent of the transcription factor. An alternative 
explanation could come from our observation of attenuated glucocorticoid-mediated 
fasting repression of the lipid esterification enzyme GPAT. Elevated levels of such a rate 
limiting enzyme in the lipid synthesis pathway could contribute to the lipid accumulation 

20 observed. Indeed, raised GPAT levels may also partly account for the lower fold reduction 
in plasma triglyceride on fasting in null mice compared to wild type. Since GPAT is 
insulin-inducible, this finding is also consistent with the growing evidence that 1 1PHSD- 
l~ /_ liver is more sensitive than wild type to even the extremely low insulin levels found 
during fasting. The PPARa-sensitive ACO and UCP-2 transcripts show attenuated 

25 induction with fasting and may reflect the relatively greater sensitivity of these promoters, 
compared to that of CPT-I, to PPARa regulation on fasting. Partial induction of 
downstream target genes by PPARa in the face of a blunt fasting increase in PPARa 
levels could mean that activation of the already elevated llpHSD-l" 7 " levels of PPARa 
within a 24-hour fasting period is sufficient to promote an adaptive metabolic response in 

30 lipHSD-r 7 " mice. This is a possibility since endogenous fatty acids activate PPARa 
(Forman et al., 1997) and there is an increased provision of fatty acid to the liver during a 
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fast. Alternatively, other processes may elevate expression of the oxidative enzymes 
during fasting (Le May et al., 2000). 

Re-feeding after a fast is characterised by a pronounced insulin-mediated overshoot in 
5 liver gene expression of enzymes in the lipogenic pathways and repression of oxidative 
processes. We have used this as a measure of hepatic insulin sensitivity. llpHSD-l''" 
mice clearly have increased hepatic insulin sensitivity since on refeeding there is an 
exaggerated suppression (CPT-I, UCP-2) or induction (SREBP-lc, FAS, GPAT, 
HMGCoA-R) of transcript levels for oxidative and lipogenic enzymes, respectively. 
10 Pronounced induction of the lipogenic pathway (SREBP-lc, FAS and GPAT) combined 
with an exaggerated repression of oxidative lipid metabolism (CPT-I, UCP-2) upon re- 
feeding after fast may also account for the rapid return of triglycerides to ad lib fed values 
by 4h and the overshoot of plasma triglycerides seen at the 24 hour re-feeding period in 
llpHSD-1" 7 " mice. The contention of increased insulin sensitivity is supported by 
15 intraperitoneal glucose tolerance tests that show llpHSD-1' 7 " mice have improved 
glycaemic control. However, muscle is the major post-prandial site of glucose disposal, 
and it is unclear whether improved insulin sensitivity in the liver of the 1 1 pHSD-1"'" mice 
can account entirely for the improved glucose tolerance. Direct studies on lipHSD-l"'' 
mouse muscle are required to address this issue. Clearly, since insulin resistance is one of 
20 the major underlying mechanisms ascribed to the pathogenic development of the 
metabolic syndrome, demonstration of increased hepatic insulin sensitivity and improved 
glucose tolerance can be interpreted as beneficial. 

Mice with a targeted disruption in the gene encoding the 1 ipHSD-1 enzyme represent a 
25 model animal that lacks a crucial intracellular glucocorticoid re-amplifying mechanism. 
lipHSD-l" 7 * mice resist hyperglycaemia upon stress and obesity (16) and have a 
favourable metabolic and lipidaemic profile due to altered expression and activity of liver 
proteins. However, lipHSD-1 is also expressed in other tissues such as fat and brain, 
important sites regulating lipid and nutrient homeostasis. 1 IpHSD-1 may also, therefore, 
30 modulate glucocorticoid action on central energy balance as well as peripheral fat storage, 
insulin action and glucose tolerance. These effects cannot be ruled out as having a bearing 
on the lipid profile, in combination with the hepatic effects of llpHSD-1 knockout on 
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lipid metabolism described here. Nevertheless, the improved fed and re-fed metabolic 
profiles in the 11BHSD-1 null mice suggest inhibitors of this enzyme may have 
favourable effects on several cardiovascular risk factors. This is particularly pertinent as 
the expression of the enzyme in liver was unaffected by the dietary manipulations in vivo, 
suggesting that the putative drug target is maintained. Further, a combination of an 
llpHSD-1 inhibitor and a fibrate represents an extremely powerful therapeutic strategy 
for treating dyslipidaemias, glucose intolerance and hyperfibrinogenaemia. 

Administration 

Agents according to the invention may be delivered by conventional medicinal 
approaches, in the form of a pharmaceutical composition. A pharmaceutical composition 
according to the invention is a composition of matter comprising at least an inhibitor of 
1 lp-HSDl as an active ingredient. The active ingredient of a pharmaceutical composition 
according to the invention is contemplated to exhibit excellent therapeutic activity, for 
example, in the alleviation of cardiovascular diseases. Dosage regima may be adjusted to 
provide the optimum therapeutic response. For example, several divided doses may be 
administered daily or the dose may be proportionally reduced as indicated by the 
exigencies of the therapeutic situation. 

The active compound may be administered in a convenient manner such as by the oral, 
intravenous (where water soluble), intramuscular, subcutaneous, intranasal, intradermal or 
suppository routes or implanting (e.g. using slow release molecules). Depending on the 
route of administration, the active ingredient may be required to be coated in a material to 
protect said ingredients from the action of enzymes, acids and other natural conditions 
which may inactivate said ingredient. 

In order to administer the combination by other than parenteral administration, it will be 
coated by, or administered with, a material to prevent its inactivation. For example, the 
combination may be administered in an adjuvant, co-administered with enzyme inhibitors 
or in liposomes. Adjuvant is used in its broadest sense and includes any immune 
stimulating compound such as interferon. Adjuvants contemplated herein include 
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resorcinols, non-ionic surfactants such as polyoxyethylene oleyl ether and n-hexadecyl 
polyethylene ether. Enzyme inhibitors include pancreatic trypsin. 

Liposomes include water-in-oil-in-water CGF emulsions as well as conventional 
liposomes. 

The active compound may also be administered parenterally or intraperitoneally. 
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures 
thereof and in oils. Under ordinary conditions of storage and use, these preparations 
contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. In all cases the form must be 
sterile and must be fluid to the extent that easy syringability exists. It must be stable 
under the conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms such as bacteria and fungi. The carrier can be a 
solvent or dispersion medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, and liquid polyetheylene gloycol, and the like), 
suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for 
example, by the use of a coating such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of superfactants. 

The prevention of the action of microorganisms can be brought about by various 
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic 
acid, thirmerosal, and the like. In many cases, it will be preferable to include isotonic 
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents delaying 
absorption, for example, aluminium monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compound in the 
required amount in the appropriate solvent with various of the other ingredients 
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enumerated above, <as required, followed by filtered sterilisation. Generally, dispersions 
are prepared by incorporating the sterilised active ingredient into a sterile vehicle which 
contains the basic dispersion medium and the required other ingredients from those 
enumerated above. In the case of sterile powders for the preparation of sterile injectable 
5 solutions, the preferred methods of preparation are vacuum drying and the freeze-drying 
technique which yield a powder of the active ingredient plus any additional desired 
ingredient from previously sterile-filtered solution thereof. 

When the combination of polypeptides is suitably protected as described above, it may be 
10 orally administered, for example, with an inert diluent or with an assimilable edible 
carrier, or it may be enclosed in hard or soft shell gelatin capsules, or it may be 
compressed into tablets, or it may be incorporated directly with the food of the diet. For 
oral therapeutic administration, the active compound may be incorporated with excipients 
and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs, 
15 suspensions, syrups, wafers, and the like. The amount of active compound in such 
therapeutically useful compositions in such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the following: a binder 
such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 
20 phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; and a sweetening agent such as sucrose, 
lactose or saccharin may be added or a flavouring agent such as peppermint, oil of 
wintergreen, or cherry flavouring. When the dosage unit form is a capsule, it may 
contain, in addition to materials of the above type, a liquid carrier. 

25 

Various other materials may be present as coatings or to otherwise modify the physical 
form of the dosage unit. For instance, tablets, pills, or capsules may be coated with 
shellac, sugar or both. A syrup or elixir may contain the active compound, sucrose as a 
sweetening agent, methyl and propylparabens as preservatives, a dye and flavouring such 
30 as cherry or orange flavour. Of course, any material used in preparing any dosage unit 
form should be pharmaceutically pure and substantially non-toxic in the amounts 
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employed. In addition, the active compound may be incorporated into sustained-release 
preparations and formulations. 

As used herein "pharmaceutically acceptable carrier and/or diluent" includes any and all 
5 solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, use thereof in the 
therapeutic compositions is contemplated. Supplementary active ingredients can also be 
10 incorporated into the compositions. 

It is especially advantageous to formulate parenteral compositions in dosage unit form for 
ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the mammalian subjects to be 

15 treated; each unit containing a predetermined quantity of active material calculated to 
produce the desired therapeutic effect in association with the required pharmaceutical 
carrier. The specification for the novel dosage unit forms of the invention are dictated by 
and directly dependent on (a) the unique characteristics of the active material and the 
particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of 

20 compounding such as active material for the treatment of disease in living subjects having 
a diseased condition in which bodily health is impaired. 

The principal active ingredients are compounded for convenient and effective 
administration in effective amounts with a suitable pharmaceutically acceptable carrier in 
25 dosage unit form. In the case of compositions containing supplementary active 
ingredients, the dosages are determined by reference to the usual dose and manner of 
administration of the said ingredients. 

The invention is further described below, for the purpose of illustration, in the following 
30 examples. 
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Examples 

Experimental Procedures 

5 Animals - Male wild type MF1 lipHSD-l"'" mice and their controls, bred as previously 
described (16), are housed in standard conditions on a 12h light: 12h dark cycle (lights on 
7am). For experiments, animals are housed singly and allowed to acclimatise for at least 
two days. Animals are allocated at random (n=6 per group) to receive either ad lib access 
to chow, a 24 h fast, a 24 h fast with a 4 h re-feed or a 24 h fast with a 24 h re-feed. All 

10 fasting commenced at 8am. Animals are killed by decapitation in a separate room from 
their housing within 1 min of their cage being disturbed. 

Plasma Parameters -Trunk blood is collected rapidly, plasma separated and samples kept 
on ice until measurement of triglyceride, free fatty acids, total cholesterol and HDL 

15 cholesterol. Triglyceride is measured using a lipase based colourometric TG kit (Roche, 
Mannheim, GmbH). Total and HDL cholesterol are measured using the CHOL and HDL 
C-Plus kits (Roche). Glucose is measured with a Glucose HK kit (Sigma, Poole, UK). 
Plasma insulin is measured using an ELISA performed according to manufacturers 
instructions (Crystalchem, Chicago, USA). Corticosterone levels are determined by 

20 radioimmunoassay, as described (24) Serum is also obtained and analysed for true 
triglyceride (glycerol-free peak by FPLC separation) and cholesterol profiles by FPLC 
followed by enzymatic methods as previously described (23). ApoAI, apoAII, apoCII, 
apoB and apoE are measured by nephelometry using specific antibodies on representative 
samples. 

25 

RNA Extraction and Analysis - Tissues are snap-frozen in liquid nitrogen and 
homogenised in Trizol (Gibco BRL, Paisley, UK). Total RNA is purified by adding a 
binding matrix (Rnaid Plus kit, BIO 101, Anachem, UK) and eluted from the matrix in 
diethylpyrocarbonate (Sigma) pre-treated water containing 400units per ml RNAsin 
30 (Promega, Southampton, UK) and lOmM DTT. RNA (5-20ug) is resolved on a 1% 
MOPS formaldehyde gel and blotted according to standard northern blot procedure in 20x 
SSC onto Hybond N + membranes (Amersham, Little Chalfont, UK). Probes are labelled 
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with 32P d-CTP usir>g a random primed labelling kit (Roche), purified through Nick 
Columns (Pharmacia-Amersham, Little Chalfont, UK) and hybridised overnight in high 
SDS (6%) phosphate buffer (0.2M NaH 2 P0 4 , 0.6M Na 2 HP0 4 , 5mM EDTA) containing 
0.5mg/ml denatured salmon testes DNA (Sigma) at 65°C. Blots are washed at 65°C to a 

5 maximum stringency of 0.5xSSC, 0.1%SDS, exposed to phosphor imager film 
(FLA2000, Fujifilm, London, UK) and analysed by quantitative phosphor imager software 
(Aida, Raytek Scientific, Sheffield, UK). Blots are also exposed to film (biomax-MR, 
Kodak, UK). The probes used for this study are listed in table I and are generated from 
primers designed to sequences in Genbank. All probe identities are confirmed by 

10 sequencing using the Thermosequenase kit (USB, Cleveland, USA) on standard 8% 
acrylamide sequencing gels. 

Intraperitoneal Glucose Tolerance Test - In a separate experiment, transgenic and wild 
type mice are fasted overnight and then injected intraperitoneally with 2mg/g D-glucose 
15 (25% stock solution in phosphate buffered saline). Blood samples are taken by tail 
venesection into EDTA-micro tubes (Sarstedt, Leicester, UK) at zero (before injection 
and within 1 minute of disturbing the cage) and at 5, 15 30 60 and 120 minute intervals 
after the glucose load. 

20 11/3-HSD-l Enzyme Activity - Liver samples are homogenised as described (12). The 
reaction included O.lmg/ml protein, 25 nM tritiated corticosterone and an excess (2uM) 
of the 11PHSD-1 specific co-factor NADP (under in vitro conditions in homogenised 
tissues, 11B-HSD1 is bi-directional, with assay of dehydrogenation more stable). The 
assay is in the linear range of protein concentration and product formation. After a 10 min 

25 incubation, steroids are extracted with ethylacetate. Steroids are separated by thin layer 
chromatography (TLC), identified by migration in comparison to unlabelled 
corticosterone and 1 1 -dehydrocorticosterone standards and quantified with a 
phosphorimager tritium screen (Fujifilm). TLC results are validated by HPLC analysis of 
a representative group of samples from each experimental group. 

30 



37 

Example 1 

1 1 pHSD-l '' mice have lower plasma triglyceride and higher HDL cholesterol 

Plasma triglycerides are lower in ad lib fed llpHSD-1 null mice (Fig.lA). A 
5 representative FPLC profile of ad lib 'true' triglycerides (Fig. IB) indicated that glycerol 
interference does not account for the differences between genotype. Triglycerides clearly 
fall upon fasting in both genotypes. Two way ANOVA indicated that the reduction in 
triglycerides in llpHSD-1"'" mice upon fasting is significantly smaller in magnitude 
compared to wild type (Fig 1 A). However, whilst wild-type triglyceride levels returned to 
1 0 ad lib fed values by 24 hours of re-feeding, 1 1 (3HSD- 1 ''' triglyceride values returned to ad 
lib values by 4 hours and exhibited an overshoot to levels significantly higher than the ad 
lib fed group at 24 hours. Total and HDL cholesterol did not vary significantly with 
dietary manipulation (Fig. 2A and 2B). However, there is a highly significant effect of 
genotype, with llpHSD-l"'" mice having higher HDL cholesterol levels (-130% of wild 
15 type; Fig. 2B). Plasma glucose levels are similar in both genotypes in the fed state (wild 
type 6.24±0.04 versus null 5.8±0.5 mmol/L), with a trend towards lower fasting glucose 
in ll(3HSD-r / ' mice (wild type 4.04+0.3 versus null 3.4+0.1 mmol/L), as previously 
observed (Kotelevtsev et al 1997). Four hours re-fed glucose levels are similar (wild type 
5.37±0.45 versus null 5.51±0.29 mmol/L), however, there is a small but significant 
20 decrease in lipHSD-1 null glucose levels at 24 hours re-fed after a fast (wild type 
5.51±0.45 versus null 4.64±0.15 mmol/L, p<0.05). This could reflect increased glucose 
tolerance in the lipHSD-1"'" mice. Plasma insulin is highly variable but similar in all 
feeding states in the 2 genotypes. 
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Liver transcript profile ofFedllpHSD-r'' indicates normal lipid synthesis and increased 
lipid oxidation- To investigate the origins of the alterations in plasma lipids, expression 
of mRNAs encoding enzymes involved in the lipid synthetic (Fig. 3) and fatty acid 
oxidation pathways (Fig. 4) are examined by northern blot analysis. Fatty acid synthase 

5 (FAS) (Fig 3A) and glycerophosphate acyl transferase (GPAT) (Fig 3B), enzymes 
involved in triglyceride synthesis and esterification, respectively, are similarly expressed 
in 11BHSD-1"'" and wild-type mice under ad lib fed conditions. Indeed levels of the 
crucial lipogenic transcription factor SREBP-lc that drives expression of FAS, GPAT and 
other enzymes in the lipid synthesis pathway (25, 26) are comparable between genotypes 

10 (Fig 3C). This implies that reduced triglyceride synthesis and esterification is unlikely to 
play a role in the lowered plasma triglyceride profile of 1 lpHSD-l 7 " mice. Furthermore, 
mRNA encoding the rate-limiting enzyme in cholesterol synthesis, hydroxy-methyl- 
glutaryl-CoA-reductase (HMG-CoAR) is also expressed at similar levels in both 
genotypes in the fed state (Fig 3D). 

15 

In contrast, when enzymes of fatty acid oxidation are examined we found that mRNAs 
encoding carnitinepalmitoyl-transferase-I (CPT-I), a key rate-limiting enzyme in the 
mitochondrial (3-oxidation pathway (27), acyl-CoA oxidase (ACO), a microsomal enzyme 
involved in fatty acid oxidation (28), and uncoupling protein-2 (UCP-2), a protein also 

20 implicated in the oxidation of fatty acids (29) and known to be expressed in hepatocytes 
(30), are all elevated in livers of fed lipHSD-l" 7 * mice (Figs 4A, 4B, 4C). Moreover, 
PPARa mRNA, the key hepatic transcription factor regulating these genes of fatty acid 
oxidation is elevated in fed llpHSD-T 7 " mice (Fig 4D). Elevated expression of CPT-I, 
ACO and UCP-2 is consistent with these genes being downstream targets of PPARa (31), 

25 (32), (30, 33). 

Example 2 

lipHSD-F'' mice have an atheroprotective lipoprotein and fibrinogen profile 

30 We also investigated the expression of glucocorticoid sensitive lipoproteins to further 
dissect the origin of the reduced triglyceride and increased HDL levels. Nephelometry is 
performed with specific anti-apolipoprotein antibodies on a representative sample of 
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serum from both genotypes in the fed state. Consistent with a cardioprotective reduction 
in circulating triglycerides, serum levels of apoCIII, a triglyceride-rich component of 
VLDL that plays a key role in determining plasma triglyceride levels (34), is markedly 
reduced in lipHSD-1" 7 " mice (wild type 0.87±0.14 versus null 0.48+0.1 g/L). 
5 Apolipoprotein AI mRNA, encoding the major component of the HDL particle (35), is 
significantly elevated in fed llpHSD-1" 7 " mouse liver (Fig. 5A), with elevated circulating 
plasma apoAI levels. Interestingly, serum apoAII, another lipoprotein associated with the 
HDL particle is reduced (wild type 0.53±0.1 versus null 0.28±0.1 g/L). Serum levels of 
apoB and apoE are not different between genotypes. 

10 

To assess a hepatic transcript unrelated to lipoproteins or lipid metabolism, we 
investigated Aa-fibrinogen mRNA, which encodes a glucocorticoid-sensitive plasma 
factor (36) that is an independent cardiovascular risk factor (37). Aa-fibrinogen transcript 
levels are reduced by 25% in fed 1 1 pHSD-l" 7 ' mice (Fig. 5B). 

15 

Example 3 

ll(5HSD-r'~ mice show attenuated induction of glucocorticoid-sensitive transcripts with 
fasting 

20 Fasting causes a 2 fold induction of PPARa in wild type mice (Fig. 4D), consistent with 
reports that this transcription factor mediates glucocorticoid-induced fatty acid oxidation 
during fast (Kersten et al., 1999, Leone et al, 1999). However, whilst lipHSD-T'" liver 
PPARa levels are higher than wild type levels during ad lib fed conditions, fasting 
induction of PPARa mRNA is abolished in llpHSD-1"'' animals (Fig 4D). Despite the 

25 abolished induction of PPARa, the downstream target genes ACO and UCP-2 showed a 
fasting induction. This induction is smaller relative to the wild type ad lib to fasting 
induction. Such a modest induction could reflect the presence of relatively elevated ad lib 
fed PPARa levels in mice being activated by the increased levels of endogenous PPARa 
activators, fatty acids, during fasting. The glucocorticoid-inducible transcript apoAI also 

30 shows an attenuated rise on fasting, compatible with reduced effective glucocorticoid 
levels in hepatocytes (Fig 5B). In agreement with an attenuated fasting response, a 
blunted fast-mediated repression of the lipid esterification enzyme GPAT is observed in 
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null mice compared to wild type mice (Fig. 3B). Also, fasting induction of CPT-I (Fig. 
4 A) appears normal and fasting plasma glucose is not significantly different between 
genotypes. This implies that the attenuation of glucocorticoid effects on fatty acid 
oxidation and gluconeogenesis is not dramatic enough to cause hypoglycaemia after a 24 
5 hour fast in the 1 1 pHSD- 1 ~ A mice. 

11/3HSD-1 does not respond acutely to fasting/re-feeding in wild-type mice - To 
determine that the difference between wild type and 1 1 pHSD-1* 7 ' mice are not merely due 
to feeding-related alterations in llpHSD-1 activity, transcript levels and activity of the 

10 wild type llpHSD-1 is measured across the experimental groups. Neither llpHSD-1 
mRNA or activity levels are affected by a 24 hour acute fast or subsequent re-feeding 
(Fig. 7 A, 7B). Thus, whilst the enzyme is critical for regulating the active intracellular 
glucocorticoid level, it does not appear to be acutely regulated by either the increased 
corticosterone (wild type, ad lib fed 25.2±7.2 versus wild type fasting 222 ±76 nmol/L, p< 

15 0.05). Further, 1 1 pHSD-1 mRNA and activity is not affected by the reduced insulin levels 
associated with fasting (wild type, ad lib 3131 ±8 1 versus wild type fasting 564±36 ng/ml) 
or with the subsequent influx of insulin upon re-feeding (4 hour re-fed value 6052±654 
ng/ml). 

20 Example 4 

J1J3HSD-1 mice have increased hepatic insulin sensitivity upon re-feeding after fast 

We have investigated hepatic insulin sensitivity by assessing the relative changes in 
insulin-sensitive transcript levels upon re-feeding after a 24 hour fast. Northern analysis 
25 shows that insulin repressible transcripts such as CPT-I and UCP-2 are more markedly 
suppressed in llpHSD-T 7 ' mice (Fig 4 A and 4C) upon re-feeding. Conversely, insulin- 
inducible transcripts, such as those in the lipogenic (SREBP-1, FAS, GPAT) and 
cholesterologenic (HMG-CoAR) pathways, are more markedly induced in lipHSD-1"'' 
mice upon re-feeding (Fig 3A-D). 

30 

11J3HSD-1 mice have improved glucose tolerance - Studies of dynamic glucose disposal 
indicate that llpHSD-T'" mice have improved glycaemic control (Fig. 8). Taking into 
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account the reduced zero-time glucose levels in the 1 lpHSD-1"'" mice after fasting which 
likely reflects the attenuated stress reaction in fasting glucose production (16), area under 
the curve for glucose levels in lipHSD-1"'" mice indicates overall improved glucose 
disposal after an intraperitoneal glucose load compared to wild type. This is in keeping 
5 with improved hepatic insulin sensitivity. 

Example 5 

Effect of carbenoxolone on lipid profile in humans 

10 Figure 6 shows the effect of administration of carbenoxolone on fasting plasma lipids in 
healthy humans and patients with type 2 diabetes mellitus. 

6 men with type 2 diabetes mellitus and 6 healthy controls were administered placebo 
(filled bars) and carbenoxolone (open bars) in a randomised double-blind crossover study, 
as known in the art. Fasting levels of plasma lipids are shown. Carbenoxolone did not 
15 affect total cholesterol, but lowered triglyceride and raised HDL (high density lipoprotein) 
cholesterol concentrations. 
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All publications mentioned in the above specification are herein incorporated by 
reference. 

Various modifications and variations of the described methods and system of the 
20 invention will be apparent to those skilled in the art without departing from the scope and 
spirit of the invention. Although the invention has been described in connection with 
specific preferred embodiments, it should be understood that the invention as claimed 
should not be unduly limited to such specific embodiments. Indeed, various modifications 
of the described modes for carrying out the invention which are obvious to those skilled in 
25 molecular biology or related fields are intended to be within the scope of the following 
claims. 
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Claims 

1. Use of an agent which lowers levels of lip-HSDl in the manufacture of a 
composition for the promotion of an atheroprotective lipid profile. 

2. Use according to claim 1, wherein lip-HSDl levels are lowered by an agent which 
modulates the expression of the endogenous 1 1 (3-HSD1 gene. 

3. Use according to claim 1 or claim 2, wherein lip-HSDl levels are lowered by an 
agent which modulates 1 1 p-HSDl mRNA transcription or translation. 

4. Use according to claim 3, wherein lip-HSDl levels are lowered by an agent which 
inhibits 1 lp-HSDl synthesis or activity. 

5. Use according to claim 4, wherein said agent is selected from the group consisting of 
carbenoxolone, 1 1 -oxoprogesterone, 3a, 1 7,2 1 -trihydoxy-5 p-pregnan-3-one, 2 1 - 
hydroxy-pregn-4-ene-3,l 1,20-trione, androst-4-ene-3,l 1,20-trione and 3p- 
hydroxyandrost-5-en- 1 7-one. 

6. Use according to any preceding claim, wherein the atheroprotective lipid profile 
comprises a reduction in plasma triglyceride levels. 

7. Use according to any preceding claim, wherein the atheroprotective lipid profile 
comprises an increase in HDL cholesterol levels. 

8. Use according to any preceding claim, wherein serum apoCIII levels are reduced as a 
consequence of the reduction of 1 lp-HSDl levels. 

9. Use according to any preceding claim, wherein PPARa levels are reduced as a 
consequence of the reduction of 1 lp-HSDl levels. 
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10. Use of an agent which lowers levels of llp-HSDl in the manufacture of a 
composition for increasing insulin sensitivity. 

11. Use of an agent which lowers levels of llp-HSDl in the manufacture of a 
composition for the promotion of glucose tolerance. 

12. Use of an agent which reduces intracellular 11(3-HSD1 activity and a fibrate in the 
manufacture of a composition for the promotion of an atheroprotective lipid profile, 
increasing insulin sensitivity or promoting glucose tolerance. 

13. A method for reducing cardiovascular disease risk in a animal at risk of 
cardiovascular disease, comprising administering to said animal, a pharmaceutically 
effective amount of an agent which reduces 1 lp-HSDl activity. 

14. A method according to claim 13, wherein llp-HSDl levels are lowered by an agent 
which modulates the expression of the endogenous 1 1 p-HSDl gene. 

15. A method according to claim 13 or claim 14, wherein llp-HSDl levels are lowered 
by an agent which modulates 1 lp-HSDl mRNA transcription or translation. 

16. A method according to claim 15, wherein llp-HSDl levels are lowered by an agent 
which inhibits 1 lp-HSDl synthesis or activity. 

17. A method according to claim 16, wherein said agent is selected from the group 
consisting of the steroids set forth in Table IV of Monder C, and White PC, Vitamins 
and Hormones 1993; 47: 187-271. 

18. A method according to any one of claims 13 to 17, wherein the atheroprotective lipid 
profile comprises a reduction in plasma triglyceride levels. 

19. A method according to any one of claims 13 to 18, wherein the atheroprotective lipid 
profile comprises a reduction in plasma triglyceride levels. 
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20. A method according to any one of claims 13 to 19, wherein the atheroprotective lipid 
profile comprises an increase in HDL cholesterol levels. 

5 21 . A method according to any one of claims 13 to 20, wherein serum apoCIII levels are 
reduced as a consequence of the reduction of 1 1 p-HSDl levels. 

22. A method according to any one of claims 13 to 21 wherein PPARct levels are reduced 
as a consequence of the reduction of 1 1 p-HSDl levels. 

10 

23. A method for increasing insulin sensitivity risk in a animal at risk of cardiovascular 
disease, comprising administering to said animal a pharmaceutical^ effective amount 
of an agent which reduces 1 1 (3-HSD1 activity. 

15 24. A method for improving glucose tolerance in a animal at risk of cardiovascular 
disease, comprising administering to said animal a pharmaceutical^ effective amount 
of an agent which reduces 1 1 p-HSDl activity. 

25. A method for the promotion of an atheroprotective lipid profile, increasing insulin 
20 sensitivity or promoting glucose tolerance, comprising administering to an animal in 

need thereof an agent which reduces 1 1 p-HSD 1 activity and a fibrate. 

26. A pharmaceutical composition comprising an agent which reduces 1 1(3-HSD1 activity 
and a fibrate. 
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27. An agent which reduces 11(3-HSD1 activity and a fibrate for simultaneous, 
simultaneous separate or sequential use in the promotion of an atheroprotective lipid 
profile, increasing insulin sensitivity or promoting glucose tolerance. 
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28. A kit comprising an agent which reduces 11 p-HSDl activity and a fibrate, and 
instructions for use in the promotion of an atheroprotective lipid profile, increasing 
insulin sensitivity or promoting glucose tolerance. 
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29. A kit comprising agent which reduces llp-HSDl activity and a fibrate, packaged in 
unit doses for use in the promotion of an atheroprotective lipid profile, increasing 
insulin sensitivity or promoting glucose tolerance. 
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Abstract 

The invention provides use of an agent which lowers levels of lip-HSDl in the 
manufacture of a composition for the promotion of an atheroprotective lipid profile. 
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